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© Deodorant comprising metal oxide-carrying activated carbon. 

© A metal oxide-carrying activated carbon having an oxidation catalytic activity comprises a treated activated * 
carbon obtained by carbonizing a carbon material, activating the obtained carbon with an activating gas 
r— comprising carbon dioxide and water vapor, said activating gas containing not more than 15% by volume of 
^ water vapor, and then cooling the activated carbon down to a temperature of not more than 300 • C under the 
^ same atmosphere; and, carried thereon, 0.1 to 20% by weight as converted into metal of an oxide of at least one 
t— metal selected from the group consisting of iron, chrome, nickel, cobalt, manganese, zinc, copper, magnesium 
O and calcium. A deodorant is obtained by adding 1 to 50 parts by weight of a plastic powder having an average 
(V) particle diameter of 1 to 50um to 100 parts by weight of the above metal oxide-carrying activated carbon. The 
^j" above activated carbon and deodorant exhibiting high decomposing functions for foul-odor gases such as 
tO methylmercaptan and trimethyiamine and are hence usable as deodorants; they are also suitable as deodorants 
© for refrigerators, since they have particularly high decomposing activities for these gases in low concentrations 
n and at low temperatures. 
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BACKGROUND OF THE INVENTION 
Field of the invention 

5 The present invention relates to an oxidation catalytic activated carbon carrying a metal oxide and a 
deodorant utilizing the same. More specifically, the present invention relates to a specific activated carbon 
obtained by adhering an oxide of a metal selected from iron, chrome, nickel, cobalt, manganese, copper, 
magnesium, zinc, calcium or combinations thereof to an activated carbon produced via a specific process, 
and a deodorant utilizing the activated carbon for foul-odor gases such as methylmercaptan and 

io trimethylamine. 

Description of the prior art 

Known deodorants for foul-odor gases include adsorbents such as activated carbons, carrier adsorbents 

15 comprising a porous substance and, carried thereon, an alkaline or acid substance, and catalysts compris- 
ing a ceramic carrying a metal oxide. These materials, however, have a short life and low deodorizing 
capability. Some other catalysts can be also used as deodorants but in most cases they have low 
deodorizing capability and form other toxic foui-odor substances by side reaction. Adsorbents with or 
without a chemical may b& also usable, but they have a short life, thereby requiring short-period exchange, 

20 and are not successful in substantially removing foul-odor gases. 

Also known are honeycomb-like ceramics carrying a metal oxide. However, with such ceramics, having 
a small specific surface area, metal oxides can hardly be contained in a large amount, and hence high- 
activity honeycombs carrying a metal oxide have not been obtained. In addition, this type of deodorants 
readily form toxic, foul-odor substances by side reaction. 

25 When used as a deodorizing filter for room air cleaners or refrigerators, the usual activated carbon 
containing fine particles as granulated and carrying a metal oxide is not suitable. This is because that the 
activated carbon, which needs to be used while being packed in a column or container, causes a high 
pressure loss and can hence contact with the gas only insufficiently. 

Accordingly, an object of the present invention is to provide a high-performance deodorant causing little 

30 pressure loss and being capable of sufficiently removing foul-odor gases such as methylmercaptan and 
trimethylamine even when they are present in low concentrations and at low temperatures. 

SUMMARY OF THE INVENTION 

35 The present invention provides a metal oxide-carrying activated carbon having an oxidation catalytic 
activity comprising: 

a treated activated carbon obtained by carbonizing a carbon material, activating the obtained carbon 
with an activating gas comprising carbon dk?xide and water vapor, said activating gas containing not more 
than 15% by volume of water vapor, and then cooling the activated carbon down to a temperature of not 
40 more than 300 * C under the same atmosphere, and, carried thereon, 

0.1 to 20% by weight (hereinafter simply referred to as "%"), as converted into metal (hereinafter the 
amount of a metal oxide added js expressed as converted into the amount of the metal), of an oxide of at 
least one metal selected from the group consisting of iron, chrome, nickel, cobalt, manganese, zinc, copper, 
magnesium and calcium. 

45 The present invention further provides another metal oxide-carrying activated carbon having an 
oxidation catalytic activity comprising: 

a treated activated carbon obtained by heating at at least 500 • C an activated carbon obtained by the * 
usual process under an atmosphere of nitrogen and/or carbon dioxide containing substantially no oxygen or 
water vapor and then cooling the heated carbon in the same manner as above, and, carried thereon, 
so the same metal oxide as above in the same amount. 

The present invention still further provides a deodorant comprising a molded article comprising the 
above metal oxide-carrying activated carbon and a plastic powder as a binder. 
These metal oxide-carrying activated carbons are used as deodorizing agents. 

The metal oxide-carrying activated carbons of the present invention are highly active as oxidation 
55 catalysts even at room temperature or low temperatures and have excellent capability of oxidizing and 
removing foul-odor gases such as methylmercaptan and trimethylamine even when they are present in low 
concentrations. They are therefore suitably used as deodorants placed in refrigerator and as agents for 
removing foul-odor gases in room air cleaners. 

2 



. BNSDOCID: <EP_ .0643014A1 .I > 



EP 0 643 014 A1 



BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of the invention and many of the attendant advantages thereof will be 
readily obtained as the same become better understood by reference to the following detailed description 
5 when considered in connection with the accompanying drawings, wherein: 

FIGURE 1 shows the relationship between the time elapsed and the m ethyl me rcaptan removal ratio, 
when the deodorant of the present invention or a commercial ceramic-manganese catalyst is used in a 
refrigerator; and 

FIGURE 2 shows the relationship between the time elapsed and the trimethylamine removal ratio, when 
to the deodorant of the present invention or a commercial ceramic-manganese catalyst is used in a 
refrigerator. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

75 The. present inventors made an extensive study how to obtain a catalyst having excellent activity for 
decomposing foul-odor gases such as methylmercaptan and trimethylamine at low temperatures and in low 
concentrations and usable in refrigerators, toilets and air cleaners. As a result, it was found that an excellent 
catalyst can be obtained by preparing an activated carbon by a specific process and then permitting the 
activated carbon to carry an oxide of at least one metal selected from the group consisting of iron, chrome, 

20 nickel, cobalt, manganese, zinc, copper, magnesium and calcium. This catalyst was found to have .a high 
oxidation catalytic activity capable of sufficiently removing foul-odor gases such as methylmercaptan and 
^ trimethylamine in low concentrations of about 10 ppm and even at low temperatures of 0 to 40 *C. 
Furthermore, upon this removal, this catalyst causes almost no toxic substances to form by side reaction. 
The present invention was completed based on this finding. 

25 The present invention provides a metal oxide-carrying activated carbon having an oxidation catalytic 
activity comprising: 

a treated activated carbon obtained by carbonizing a carbon material, activating the obtained carbon 
with an activating gas comprising carbon dioxide and water vapor, said activating gas containing not more 
than 15% by volume of water vapor, and then cooling the activated carbon down to a temperature of not 
3d more than 300 'C under the same atmosphere, and, carried thereon, 

0.1 to 20% by weight (hereinafter simply referred to as "%") , as converted into metal (hereinafter the 
amount of a metal oxide added is expressed as converted into the amount of the metal), of an oxide of at 
least one metal selected from the group consisting of iron, chrome, nickel, cobalt, manganese, zinc, copper, 
magnesium and calcium. 

35 The present invention further provides another metal oxide-carrying activated carbon having an 
oxidation catalytic activity comprising: 

a treated activated carbon obtained by heating at at least 500 ' C an activated carbon obtained by the 
usual process under an atmosphere of nitrogen and/or carbon dioxide containing substantially no oxygen or 
water vapor and then cooling the heated carbon in the same manner as above, and, carried thereon, 
40 the same metal oxide as above in the same amount. 

The present invention still further provides a deodorant comprising a molded article comprising the 
above metal oxide-carrying activated carbon and a plastic powder as a binder. 

These metal oxide-carrying activated carbons are used as deodorizing agents and it is desirable that 
they be granules having a particle size in a specific range or honeycomb-shaped, plate-shaped or fiber- 
45 shaped articles. 

The term "activating gas comprising water vapor and carbon dioxide" herein means an atmosphere 
which contains, besides water vapor and carbon dioxide, nitrogen and may contain a small amount, i.e. not 
more than 1%, of oxygen. 

The term "the usual process" herein means a process which comprises activating a carbon material 
so under an atmosphere containing water vapor in an amount significantly larger than 15% by volume and, 
after completion of the activation, taking out the activated carbon from the activating oven before allowing it 
to cool sufficiently, and contacting it with air at a high temperature of at least 500 'C. Further the term 
"containing substantially no oxygen or water vapor" herein means an atmosphere which, after activation, 
causes no oxygen atoms to be bonded to the surface of the activated carbon, i.e. an atmosphere containing 
55 oxygen and water in small amounts of not more than 1 to 2% by volume. 

Carbon materials usable in the present invention include coconut shell charcoal, coal and other ■ 
conventional carbon materials, and also include carbonized materials obtained by adding a binder such as 
phenol resin, tar or pitch to the foregoing, molding them and then carbonizing the molded articles. There is 
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no specific limitation to the molding process or the shape and size of resulting molded articles. However, it 
is desirable that the molded articles, being used as catalysts, be granules having a particle size in a specific 
range or honeycomb-shaped, plate-shaped or fiber-shaped articles, and that the size of such shapes be as 
uniform as possible, in order to decrease pressure loss and achieve a sufficient area of contact with gases. 

5 With respect to the activation conditions used in the present invention, it is necessary that the activating 
gas, which contains, besides water vapor, carbon dioxide and nitrogen, contain not more than 15% by 
volume of water vapor. Gases conventionally used for activating carbon contain 40 to 60% by volume, or 
often, higher than this range, of water vapor. This is because the composition of an activating gas is 
generally set such that the partial pressure of water vapor becomes as high as possible, since the rate of 

w activation of carbon materials with water vapor is much higher than that with carbon dioxide. Accordingly, 
the condition employed in the present invention, maintaining the rate of activation at a low level, is milder as 
compared to the usual process. 

As is apparent from Example 7 and Comparative Examples 8 through 10 and Tables 9 and 10, 
activated carbons treated under a condition of high water vapor content clearly decrease their capability of 

75 oxidizing and decomposing foul-odor gases such as methylmercaptan and trimethylarhine. The mechanism 
involved in low water-vapor-content activation conditions increasing the oxidation catalytic activity of the 
obtained activated carbon is not quite clear. However, it has been pointed out that with molded activated 
carbons having a granular, honeycomb-like or fiber-like shape obtained under such conditions, there are 
present no oxygen atoms bonded to the surface thereof. 

20 Although there is no particular limitation to the spBcific surface area "of the activated carbon used in the 
present invention, it is desirable that the specific surface area be at least 1,200 m 2 /g, more preferably at 
least 1 ,400 m 2 /g. 

Conventional molded activated carbons, such as granular, honeycomb-like and fiber-like activated 
carbons are produced by activating a carbon material having been molded into a granular, honeycomb-like 

25" and fiber-like shape by a gas having a high water vapor content, such as water vapor or combustion gas. 
These activated carbons, if used in the present invention, do not show a sufficient oxidation catalytic 
activity. The effect of the present invention can only be produced by using specific activated carbons 
activated with a gas having the low water-vapor content as described above. 

The metal oxide-carrying activated carbon having oxidation catalytic activity according to the present 

30 invention is obtained by permitting the thus obtained activated carbon to carry an oxide of at least one 
metal selected from the group consisting of iron, chrome, nickel, cobalt, manganese, zinc, copper, 
magnesium and calcium. Carrying this metal oxide, the activated carbon shows a strong catalytic activity 
capable of rapidly oxidizing foul-odor gases such as methylmercaptan and trimethylamine. However, prior to 
this carrying process, if the activated carbon having a granular, honeycomb-like or fiber-like shape has 

35 been, after activation treatment, taken out as it was at a high temperature from the system and allowed to 
stand under an atmosphere containing a large amount of oxygen, the resulting activated carbon will, after 
adsorption of an oxide of at least one. metal selected from the group consisting of iron, chrome, nickel, 
cobalt, manganese, zinc, copper, magnesium, and calcium, exhibit markedly low oxidation catalytic activity. 
It is necessary to . cool the activated carbon down to a temperature of not more than 300 °C under a 

40 similar gaseous atmosphere to one where the activation has been effected, and thereafter to take it out from 
the system. The term "similar gaseous atmosphere to one where the activation has been effected" herein 
means that the atmosphere may contain nitrogen, carbon dioxide or mixtures thereof and contains 
substantially no oxygen or and water vapor, and does not necessarily mean that the gases used for the 
activation and for the cooling are of the same composition. The term "under the same atmosphere" used in 

45 the present invention means "under a similar gaseous atmosphere" as explained above. 

If the activated carbon is, after activation and as it has a temperature of at least 300 ' C, taken out into 
the air, the oxidation catalytic activity for low-concentration gases at low temperatures markedly decreases. 
Example 1 and Comparative Example 1 and Tables 1 and 2 show the influence of nitrogen and air under 
which cooling is effected after activation on the catalytic activity. Example 6 and Comparative Examples 6 

so and 7 and Tables 7 and 8 show the influence of the temperature at which the activated carbon contacts the 
air. 

Further in the present invention, molded activated carbons having a granular, honeycomb-like or fiber- 
like shape and having decreased their oxidation catalytic activity because they had contacted air or the like 
to have their surface oxidized, or molded activated carbons having a granular, honeycomb-like or fiber-like 
55 shape and obtained by the usual process can also become usable as a carrier for a metal oxide by specific 
treatments. The treatments comprise heating at at least 500 'C these activated carbons under an at- 
mosphere of nitrogen and/or carbon dioxide containing substantially no oxygen or water vapor and then 
cooling the heated carbon down to a temperature of not more than 300 *C under the same atmosphere. The 
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thus obtained "re-activated" carbons will, after being permitted to, just tike the above granular, honeycomb- 
like or fiber-like carbons explained at the beginning of this description, carry an oxide of at least one metal 
selected from the group consisting of iron, chrome, nickel, cobalt, manganese, zinc, copper, magnesium 
and calcium, exhibit excellent oxidation catalytic activity for foul-odor gases such as methylmercaptan and 

5 trimethylamine. In other words, the above heat treatment together with the succeeding cooling provides . 
granular, honeycomb-like or fiber-like activated carbons with a highly active function as a catalyst carrier. 
The activated carbons to be re-activated may be those obtained from any material such as coal or coconut 
Shell charcoal and may have any shape with no particular limitation. 

Activated carbons obtained by the usual process having a granular, honeycomb-like and fiber-like 

io shapes can all be converted by the above treatment into carriers having a granular, honeycomb-like, and 
fiber-like shapes and being usable for the oxidation catalysts according to the present invention. For this 
treatment, the heat treatment temperature should be at least 500 "C, and the heat treatment time, which 
depends on the temperature, is generally 20 to 180 minutes at a temperature of 500 *C and a few minutes 
at 800 * C, whereby sufficient effect is produced. Examples 2 and 3 and Comparative Example 1 and Tables 

;s 1 and 2 show the influence of the heat treatment temperature on the resulting oxidation catalytic activity. 

It is necessary that the activated carbon carrier used in the present invention be permitted to carry 0.1 
to 20% of a metal oxide. For this purpose, there can be, for example, employed a process which comprises 
dissolving a prescribed amount of a metal salt in an aqueous acid solution having a concentration of Q.I to 
3 normal, preferably 0.5. to 1 normal, immersing an activated carbon in the obtained solution, stirring the 

20 mixture to make the carbon adsorb the metal salt sufficiently, removing the remaining liquid and drying and 
heat treating the activated carbon at 200 • C. Then the metal salt adsorbed in the carrier decomposes by the 
heat treatment into the corresponding metal oxide. The metal oxide should be contained in an amount of 
0.1 to 20%, preferably in an amount of 0.5 to 2%. 

If the content of the metal oxide is less than 0.1%, the catalytic activity will be insufficient. If the content 

25 exceeds 20%, the catalytic activity will no longer increase linearly and, besides, the adsorbing capacity of 
the activated carbon itself will decrease. The content of the metal oxide is adjusted by changing the ratio 
between the concentration of the metal salt in the aqueous acid solution used and the amount of the 
activated carbon to be immersed therein. In general, the metal salt present in the solution is almost 
completely adsorbed in the activated carbon. Heat treatment at about 200 • C of the activated carbon having 

30 adsorbed the metal oxide produces the metal oxide-carrying activated carbon of the present invention. 

_ Examples of metal salts usable for the above purpose are inorganic acid salts, e.g. chlorides, nitrates, 
sulfates and carbonates, organic acid, salts, e.g. acetates, oxalates and formates, and hydroxides, as well as 
mixtures of the foregoing. Examples of aqueous acid solution are aqueous solutions of hydrochloric acid, 
nitric acid, acetic acid and formic acid, which contain the same anions as constituting the metal salts used. 

35 It is necessary that the metal contained in the metal oxide used in the present invention be selected 
from the group consisting of iron, chrome, nickel, cobalt, manganese, zinc, copper, magnesium and 
calcium. Admixtures of 2 or more of these metal oxides are therefore usable and can sometimes increase 
the catalytic activity further. 

The metal salt adsorbed in the activated carbon should be heat treated into the corresponding metal 

40 oxide, but the metal salt is not necessarily converted into the metal oxide completely. The function as an 
oxidation catalyst can sufficiently be maintained with part of undecomposed matter being present. In this 
case the metal compound such as nitrate, formate or acetate is considered to remain as it is in the form of 
salt. 

The thus obtained metal oxide-carrying activated carbon can be molded into honeycomb-like, plate-like 
45 or like shapes by addition of a binder. For this purpose, the activated carbon is, as necessary, pulverized 
into particles having a various average diameter ranging from O.lnm to 4 mm and appropriately selected 
depending on the intended use. 

Any plastic can be usable as a binder as long as it can produce molded articles when mixed with the 
activated carbon powder and pressed under high temperatures. For example, those thermoplastic resins, 
so thermosetting resins, hydrophilic resins, conductive resins and the like that can be fused by heating without 
using water or organic solvents are suitable for this purpose. 

Examples of usable thermoplastic resins are polyethylene, polypropylene, ABS (acrylonitrile-butadiene- 
styrene resin), PET (polyethylene terephthalate), PBT (polybutylene terephthalate) and PMMA (polymethyl 
methacrylate), and acrylic resins, mesophase pitch and the like are also usable. 
55 Examples of usable thermosetting resins are phenol resin and furan resin, and those of hydrophylic 
resins are polyvinyl alcohol resin and ethyiene-vinyl alcohol resin. 

It is necessary that the plastic used as a binder be in a powder, form having an average particle 
diameter of 1 to 50jim, preferably 5 to 30um. If the plastic powder has an average particle diameter of less 
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than mm, the bulk specific gravity will become to high and it will be difficult to obtain a molded article 
having a high strength and high density. If the average particle diameter exceeds SOum, the adhesiveness 
. will become small, so .that the resulting molded article cannot have high strength. Examples 11 through 15 
and Comparative Examples 14 through 18 arid Tables 13 and 14 show the influence of the average particle 

5 diameter of plastic powder on the strength of the obtained molded article. 

It is necessary that the plastic powder be used in an amount of 1 to 50 parts by weight (hereinafter 
simply referred to as "parts") based on 100 parts of the activated carbon used, preferably 2 to 25 parts on 
the same basis. With the amount being less than 1 part, the molded article has only insufficient strength. 
On the other hand, with the amount exceeding 50 parts, the catalytic activity of the molded article 

io decreases because its surface is covered with the plastic. Examples 11 through 15 and Comparative 
Examples 14 through 18 and Tables 13 and 14 show the influence of the amount of plastic powder used on 
the strength and catalytic activity of the resulting molded articles. 

Reinforcing materials may, as required, be used for reinforcing molded articles of honeycomb-like, 
plate-like or like shapes. Examples of reinforcing materials usable for this purpose are metal fibers, e.g. 

75 fibers of titanium, aluminum, steel, copper, bronze and stainless steel, inorganic fibers, e.g. fibers of silicon 
carbide, boron nitride, barium titanate, glass fiber, carbon fiber and activated carbon fiber, and organic 
fibers, e.g.. fibers of polypropylene, polyvinyl alcohol, polyester, nylon, and polyester-polypropylene' con- 
jugated fiber. 

These reinforcing materials are preferably in the form of fibers having a length of 0.2 to 20 mm and a 
20 diameter of 3 to 100am. 

Upon molding, the activated carbon, binder and the like are at first mixed in the usual manner, for 
example with a mixer, ribbon mixer, static mixer, ball mill, sample mill or kneader. Although mixing at room 
temperature can adhere plastic particles onto the surface of the activated carbon, it is desirable to heat 
during mixing for the purpose of obtaining more uniform and firm mixing. Examples of heat sources usable 
25 for this purpose are microwave, infrared radiation, far infrared radiation and high-frequency wave. The 
effects of the heating and the static charge generated upon mixing increase synergetically, thereby 
adhering plastic particles on the surface of the activated carbon more firmly. 

The thus obtained mixture of the metal oxide-carrying activated carbon, a binder and a reinforcing 
material is then placed in a mold and, after being heated to a temperature above the softening point of the 
30 binder, compression molded under a pressure of 0.1 to 10 kg/cm 2 , and then cooled, to give the deodorant 
according to the present invention and having a honeycomb-like, plate-like or similar shapes. 

The metal oxide-carrying activated carbon according to the present invention produces, when molded 
into a honeycomb-like, plate-like or similar shapes, markedly low pressure loss and exhibits high oxidation 
' catalytic activity even at room temperature or low temperatures. These molded articles are excellent as 
35 removing agents to be used in room air cleaner or the like for deodorizing foul-odor gases such as 
methylmercaptan and trimethylamine. In order to decrease the pressure loss further and achieve a larger 
area of contact with gases, these honeycomb-like or plate-like molded articles are preferably used as a 
laminate through the slits of which the gases are passed. These molded articles may also be of other 
shapes such as Raschig ring and Berl saddle, with high catalytic activities. 
40 These molded metal oxide-carrying activated carbons according to the present invention exhibit high 
oxidation catalytic activity not only at room temperature but at low temperatures and are" hence excellent as' 
agents for removing foul-odor gases to be used in refrigerators. 

Other features of the invention will become more apparent in the course of the following descriptions of 
exemplary embodiments which are given for illustration of the invention and are not intended to be limiting 
45 thereof. 

EXAMPLES 

Examples 1 through 3 and Comparative Examples 1 through 4 

50 

In Example 1, the following raw materials were used for activated carbon with various shapes. 

(A) Coal was granulated into particles having a diameter of 0.5 to 3 mm and used as a raw material for a 
granular activated carbon. 

(B) Honeycombs having 250 cells/inch 2 were molded from a mixture of 100 parts of coal pulverized into 
55 particles of less than 300 mesh, 30 parts of tar as a binder and a small amount of a lubricant, and used 

as a honeycomb activated carbon. 

(C) A commercially available phenolic resin fiber (KAINOL, made by Gun-ei Chemical Industry Co.) was 
used for a fibrous activated carbon. 

6 
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The raw materials were activated with an LPG (liquefied petroleum gas) combustion gas (composition: 
nitrogen 80% by volume, oxygen 0.2% by volume, carbon dioxide 9.8% by volume and water vapor 10% 
by volume) at a temperature of 900 'C until they achieved a specific surface area of 1,300 m 2 /g and then 
cooled under the same atmosphere, to give a granular activated carbon (A), a honeycomb activated carbon 
s (B) and a fibrous activated carbon (C). 

In Comparative 1, the same raw materials as used in Example 1 were activated until they achieved a 
specific surface area of 1,300 m 2 /g in the same manner as in Example 1, taken out into a nitrogen 
atmosphere and cooled down to a temperature of 500 °C, and then taken out in the air and allowed to cool, 
to give a granular activated carbon (A), a honeycomb activated carbon (B) and a fibrous activated carbon 
10 (C). 

The activated carbon (A) obtained in Comparative Example 1 was treated in a mixed gas stream of N 2 
50% by volume and CO2 50% by volume at 700 "C for 10 minutes, then taken out into .a nitrogen 
atmosphere and allowed thereunder to coo! down to room temperature, to give a treated activated carbon 
(Example 2). The activated carbon (A) of Comparative Example 1 was also treated in a nitrogen stream at 

75 900 • C for 5 minutes and then allowed to cool to room temperature under the same atmosphere, to give 
another treated activated carbon (Example 3). 

The granular, honeycomb and, fibrous activated carbons thus obtained were permitted to carry a metal 
oxide in the following manner. To 20G ml of a solution containing 1 ,070 mg as converted into metal of 
manganese nitrate in a 0.5N nitric acid solution, 50 g of each of the activated carbon carriers was added 

20 separately, and the mixtures were stirred sufficiently and allowed to stand for 3 hours. Solid matters were 
collected by removing the remaining solution, washed with pure water and dried at 200 *C, to give metal 
oxide-carrying activated carbons having a metal oxide content of 2.0%. 

To test the removing capability for foul-odor gases, one gram of each of the thus obtained granular, 
honeycomb or fibrous activated carbons carrying a metal oxide was added to a 3.8-liter sealed gallon 

25 bottles containing methylmercaptan (500 ppm) and trimethylamine (300 ppm). 

Tables 1 and 2 show the rates of removing methylmercaptan and trimethylamine at 30 0 C, respectively. 
Here, Comparative Example 2(A), (B) and (C) used the activated carbons obtained in Example 1 as they 
were, without permitting them to carry a metal oxide. In Comparative Example 3, commercially available 
granular, honeycomb and fibrous activated carbons were permitted to carry manganese oxide in an amount 

30 of 2.0%. Comparative Example 4 used a commercially available manganese-ceramic catalyst (MANGAN- 
CHID, made by Kobe Steel, Ltd.). 
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Ali the metal oxide-carrying granular, honeycomb and fibrous activated carbons according to the 
present invention (Examples 1 through 3) removed methylmercaptan and trimethylamine completely in a 
short period of time and did not generate toxic foul-odor substances by side reaction, thus exhibiting an 
55 excellent removing capability. On the other hand, as shown in Comparative Examples 1 through 4, 
conventional granular, honeycomb and fibrous activated carbon carrying a metal oxide and metal oxide- 
carrying granular, honeycomb and fibrous activated carbons obtained by other processes than that used in 
the present invention, as well as the commercially available manganese-ceramic catalyst were all had a low 
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removal rate and generated a large amount of a toxic foul-odor substance by side reaction. 
Example 4 

5 The activated carbon (A) obtained in Example 1 was permitted to carry a plurality of metal oxides in the 
same manner as in Example 1. The obtained metal oxide-carrying activated carbons (Example 4 (A) -through 
(L)) were tested in the same manner. The results, together with the particulars of the activated carbons 
used,- are shown in Tables 3 and 4. 
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As shown in Tables 3 and 4, the granular, honeycomb and fibrous activated carbons carrying a plurality 
of metal oxides according to the present invention showed a high removal rate for foul-odor gases and 
55 produced only a small amount of toxic reaction by-product. 
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Example 5 and Comparative Example 5 

The metal oxide-carrying activated carbon obtained in Example 1(A) [Example 5(A)], metal oxides- 
carrying activated carbons (E), (F), (J) and (K) obtained in Example 4 [Example 5 (E), (F). (J) and (K)] and, 
5 for comparison purpose, a commercially available manganese-ceramic catalyst (MANGANCHID, made by 
Kobe Steel, Ltd.) (Comparative Example 5) were tested for the removal ratio for methylmercaptan and 
trimethylamine in the same manner as in Example 1, but at a low temperature of 5'C. 
. _ The results together with the particulars of the activated carbons used are shown in Tables 5 and 6. 
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As is understood from Tables 5 and 6, the metal oxide-carrying activated carbons according to the 
present invention can very rapidly remove foul-odor gases even at a low temperature. 
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Example 6 and Comparative Examples 6 and 7 

A raw material granular carbon was prepared from a coconut shell charcoal and activated at 900 *C to 
achieve a specific surface area of 1 ,450 m 2 /g, in the same manner as in Example 1 . The activated carbon 

s was taken out. into a nitrogen atmosphere and allowed to cool thereunder down to different temperatures, 
i.e. 300 *C (Example 6), 400 'C (Comparative Example 6) and 350 *C (Comparative Example 7), and then 
taken out into the air. These activated carbons were permitted to carry the same mixture of metal oxides 
.and then tested for the removal rates at 30 *C for methylmercaptan and trimethylamine in the same manner 
as in Example 1 . The results, together with the particulars of the activated carbon used, are shown in Tables 

w 7 and 8. 
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As is understood from Tables 7 and 8, the activity of a metal oxide-carrying activated carbon depends 
largely on the temperature at which the raw material carbon having been activated and cooled is at first 
55 contacted with air, and the removing capability decreases to a large extent with the temperature exceeding 
300 *C. 
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Example 7 and Comparative Examples 8 through 10 

A raw material, granular carbon was prepared from a coconut shell charcoal in the same manner as in 
Example 1. The carbon was activated at 900 "C in activating' gases having different water vapor concentra- 

5 tions, i.e. 14.25% by volume (Example 7) and 17.33% by volume, 20.19% by volume and 30.9% by volume 
(Comparative Examples 8, 9 and 10, respectively), to achieve a specific surface area of 1,450 m 2 /g. These 
activated carbons were each taken out into a vessel the air inside which had been replaced by nitrogen and 
allowed to cool therein down to a temperature of less than 300 °C. These activated carbons were permitted 
to carry the same mixture of metal oxides and then tested for the removal rates at 30 ° C for methylmercap- 

10 tan and trimethyiamine in the same manner as in Example 1. The results, together with the particulars of 
the activated carbon used, are shown in Tables 9 and 10. 
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As is understood from Tables 9 and 10, the catalytic activity of a metal oxide-carrying activated carbon 
55 depends largely on the water vapor concentration of the atmosphere used for activation, and it markedly 
increases with the water vapor concentration being not more than 15% by volume. 
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Examples 8 through 10 and Comparative Examples 11 through 13 

In Example 8, coal having been granulated to 10 to 30 mesh was carbonized at 800 *C. The obtained 
carbon was activated with an LPG combustion gas (composition: nitrogen 80% by volume, oxygen 0.2% by 

5 volume, carbon dioxide 9.8% by volume and water vapor 10% by volume) at a temperature of 900 *C until 
they achieved a specific surface area of 1 ,300 m 2 /g and then taken out into a vessel the air inside which 
had been replaced by nitrogen and allowed to cool therein down to a temperature of less than 300 * C, to 
-give an activated carbon carrier. 

In Comparative Example 11, the same raw material as used in Example 8 was activated until they 

io achieved a specific surface area of 1,300 m 2 /g in the same manner as in Example 8, taken out into a 
nitrogen atmosphere and cooled down to a temperature of 500 *C, and then taken out in the air and allowed 
to cool, to give another activated carbon carrier. The activated carbon carrier obtained in Comparative 
Example 1 1 was treated again in a stream of mixed gas of N 2 50% by volume and CO2 50% by volume at 
700 *C for 10 minutes, then taken out into a nitrogen atmosphere and allowed thereunder to cool down to 

75 room temperature, to give a treated activated carbon carrier (Example 9). The activated carbon carrier of 
Comparative Example 1 1 was also treated under a nitrogen atmosphere at 900 0 C for 5 minutes and then 
allowed to cool to room temperature under the same atmosphere, to give another treated activated carbon 
carrier (Example 10). 

The activated carbons thus obtained were permitted to carry a metal oxide in the following manner. To 
20 200 ml of a solution containing 1 ,070 mg of manganese nitrate in a 0.5N nitric acid solution, 50 g of each of 
the activated carbon carriers was added separately, and the mixtures were stirred sufficiently and allowed to 
stand for 3 hours. Solid matters were collected by removing the remaining solution, washed with pure water 
and dried at 200 "C, to give metal oxide-carrying activated carbons having a metal oxide content of 2.0%. 

These metal oxide-carrying activated carbons were pulverized into particles having a diameter of 0.1 to 
25 1 mm. Honeycombs having several tens of cells/inch 2 were press-molded from a mixture of 100 parts of the 
particles and 20 parts of polyethylene powder having an average particle diameter of 20 microns. 

Ten grams of each of the honeycombs obtained was used as a filter of a fan, which was used for 
circulating the gas in a container of 1m x 1m x 1m, to test for removing capability "of methyimercaptan and 
trimethylamine. > 

30 The removing rates were determined at 30 'C for methyimercaptan in the container having an initial 
concentration of 500 ppm or for trimethylamine having an initial concentration of 300. ppm. The results are 
shown in Tables 11 and 12. 
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Here, Comparative Example 12 used an activated carbon having a specific surface area of 1,300 m 2 /g 
55 and obtained by the usual process as it was, without permitting it to carry a metal oxide. In Comparative 
Example 13, a commercially available honeycomb activated carbon was permitted to carry manganese 
■ oxide in an amount of 2.0%. 
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The metal oxide-carrying honeycomb activated carbons according to the present invention all removed 
methylmercaptan and trimethylamine completely in a short period of time, thus exhibiting an excellent 
deodorizing capability. On the other hand, with an activated carbon carrier other than that of the present 
invention or an activated carbon carrier prepared by the usual process, as shown in Comparative Examples 
5 11 through 13, the rate of removing the foul-odor substances was low. Of these two, one obtained by 
permitting the honeycomb activated carbon prepared by the usual process to carry manganese oxide had a 
markedly small oxidation catalytic activity. 

Examples 11 through 15 and Comparative Examples 14 through 18 

w 

Coal was used as a raw material to prepare an activated carbon, which was then permitted to carry 
mixtures of metal oxides as shown in Tables 13 and 14. Metal oxide-carrying honeycomb activated carbons 
were obtained by molding in the same manner as in Example 8 with the particle diameter and mixing ratio 
of binders being changed as shown in Tables 13 and 14. 
is These honeycomb activated carbons were tested for the removing rates for methylmercaptan and 
trimethylamine in the same manner as in Example 8. 

The results, together with the particulars of the activated carbons, the amount of metal oxides added 
and the particle diameter and mixing ratio of plastic powders, are shown in Tables 13 and 14. Here, 
Comparative Example 17 used an SBR (styrene-butadiene rubber) latex as a binder. 
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As is understood from Tables 13 and 14, while the metal oxide carrying honeycomb activated carbons 
55 according to the present invention (Examples 11 through 15) had a high oxidation catalytic activity and 
removing capability for foul-odor gases, those with the particle size of the binder used exceeding 50um 
{Comparative Examples 14 and 15) had too low a strength of the honeycomb molded articles to be used in 
practice and that with the binder being used in an amount exceeding 50 parts (Comparative Example 18) 
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was very low in the removal rate for the foul-odor substances. 
Examples 16 and 17 and Comparative Example 19 

5 The metal oxide-carrying honeycomb activated carbons according to the present invention were 
prepared by molding a mixture of an activated carbon from coal or coconut shell charcoal and a binder 
(Examples 16 and 17). For comparison purpose, a honeycomb activated carbon obtained by the usual 
process was permitted to carry 2.0% of a metal oxide (Comparative Example 19). Ten grams each of these 
honeycomb activated carbons was tested for the removing rate for methylmercaptan and trimethylamine at 

io low temperatures (1 • C and 5 • C) in the same manner as in Example 8. 

The results and the particulars of the specimens are shown in Tables 15 and 16. 
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As is understood from Tables 15 and 16, the metal oxide-carrying honeycomb activated carbons 
55 according to the present invention can rapidly remove foul-odor gases such as methylmercaptan and 
trimethylamine even at low temperatures. 
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Example 18 and Comparative Examples 20 and 21 

A raw material. granular carbon was prepared from a coconut shell charcoal and activated at 900 "C to 
achieve a specific surface area of 1,450 m 2 7g, in the same manner as in Example 8. The activated carbon 

5 was taken out into a nitrogen atmosphere and allowed to cool thereunder down to different temperatures, 
i.e. 300 *C (Example 18), 400 "C (Comparative Example 20) and 350 'C (Comparative Example 21), and 
then taken out into the air. These activated carbons were permitted to carry the same mixture of metal 
oxides. The obtained metal oxide-carrying activated carbons were pulverized and a binder was added to 
each of the particulate carbons. The mixtures were molded into honeycombs, to give metal oxide-carrying 

70 honeycomb activated carbons, which were then tested for the removal rates for methylmercaptan and 
trimethyiamine in the same manner as in Example 8. 

The results, together with the particulars of the activated carbon used, are shown in Tables 17 and 18. 
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As is understood from Tables 17 and 18, the activity of a metal oxide-carrying honeycomb activated 
carbon depends largely on the temperature at which the raw material carbon having been activated and 
55 cooled is at first contacted with air, and the removing capability decreases to a targe extent with the 
temperature exceeding 300 ° C. 
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Example 19 and Comparative Examples 22 through 24 

A raw material carbon was prepared from a coconut shell charcoal and activated at 900 *C, in the same 
manner as in Example 7, i.e. in activating gases having 'different water vaper concentrations [14.25% by 
volume (Example 19) and 17.22% by volume, 20.19% by volume and 30.9% by volume (Comparative 
Examples 22, 23 and 24, respectively)], to achieve a specific surface area of 1,450 m 2 /g. These activated 
carbons were each taken out into a vessel the air inside which had been replaced by nitrogen and allowed 
to.cool therein down to a temperature of less than 300 "C. These activated carbons were permitted to carry 
the same mixture of metal oxides. The obtained metal oxide-carrying activated carbons were pulverized and 
a binder was added to each of the particulate carbons. The mixtures were molded into honeycombs, to give 
metal oxide-carrying honeycomb activated carbons, which were then tested for the removal rates for 
methylmercaptan and trimethylamine at 30 • C in the same manner as in Example 8. 

The results, together with the particulars of the activated carbon used, are shown in Tables 19 and 20. 
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As is understood from Tables 19 and 20, the performance of metal oxide-carrying honeycomb activated 
carbons depends largely on the water vapor concentration of the atmosphere used for activation, and those 
55 prepared with the water vapor concentration being not more than 15% by volume show a high catalytic 
activity and capability of removing foul odor; while the oxidation catalytic activity rapidly decreases as the 
water vapor concentration increases, in other word, under higher activation rate conditions. 
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Examples 20 through 23 and Comparative Examples 25 through 28 

In Example 20, coal having been granulated to 10 to 30 mesh was carbonized at 800 'C. The obtained 
carbon was activated with an LPG combustion gas (composition: nitrogen 80% by volume, oxygen 0.2% by 

5 volume, carbon dioxide 9.8% by volume and water vapor 10% by volume) at a temperature of 900 *C until 
they achieved a specific surface area of 1,300 m 2 /g and then taken out into a vessel the air inside which 
had been replaced by nitrogen and allowed to cool therein down to a temperature of less than 300 *C, to 
give a granular activated carbon carrier. 

In Example 21, an activated carbon carrier was obtained by activating a commercially available 

70 honeycomb carbon material with the same activation gas as above to a specific surface area of 1 ,300 m 2 /g. 
In Example 22, the granular activated carbon carrier obtained in Example 20 was pulverized into particles 
having a diameter of 0.1 to 1 mm. Honeycombs having 300 cells/inch 2 were molded in a heat-press from a 
mixture of 100 parts of the particles and 20 parts of polyethylene powder having an average particle 
diameter of 20 microns. In Example 23, a phenolic resin fiber was activated in the same manner, to give a 

75 fibrous activated carbon carrier. 

The activated carbon carriers thus obtained were permitted to carry a metal oxide in the following 
manner. To 200 ml of a solution containing 1,070 mg of manganese nitrate in a 0.5N nitric acid solution, 50 
g of each of the activated carbon carriers was added separately, and the mixtures were stirred sufficiently 
and allowed to stand for 3 "hours. Solid matters were collected by removing the remaining solution, washed 

20 with pure water and dried at 200 0 C, to give metal oxi'de-carrying activated carbons having a composition as 
shown in Tables 21 and 22. 

These metal oxide-carrying activated carbons were tested as deodorants for use in refrigerators. On this 
occasion, 1 g of the granular activated carbon obtained in Example 20 was packed in a water-proof gas- 
permeable bag, while 1 g each of two other activated carbons were tested as they were. 

25 In Comparative Example 25, a metal-oxide carrying activated carbon was prepared by permitting a 
commercially available activated carbon to carry a metal oxide in the same manner as in Example 20. In 
Comparative Example 26, the commercially available activated carbon was used as it was, without carrying 
a metal oxide. In Comparative Example 27, a commercially available ceramic-manganese catalyst (MAN- 
GANCHID, made by Kobe Steel, Ltd.) was used. In Comparative Example 28, a commercially available 

30 ozone-decomposition type deodorizer was used. 

One gram of these samples were each placed in a 40-liter acrylic resin closed box containing 100 ppm 
of methylmercaptan or trimethylamine and the boxes were placed in refrigerators and tested for the removal 
rates for the gases at 5 • C. 

The results and particulars of the deodorants used are shown in Tables 21 and 22. 
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so As is apparent from the above results, the metal oxide-carrying granular, honeycomb and fibrous 
activated carbons according to the present invention obtained in Examples 20 through 23, all removed foul- 
odor substances of methylmercaptan and trimethylamine completely in a short period of time at a low 
- temperature of 5'C, thus proving to have an excellent activity as deodorants at low temperatures. On the 
other hand, other deodorants obtained in Comparative Examples 25 through 28 ( i.e. one utilizing an 

55 activated carbon carrier obtained by a process other than that used in the present invention, one using a 
commercially available activated carbon carrier, one of the commercially available activated carbon carrier 
itself and other commercially available deodorants, all showed a low rate of removing foul-odor gases of 
methylmercaptan and trimethylamine. It is understood from these results that the catalysts* according to the 
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present invention are excellent as deodorants for refrigerators. 

The honeycomb activated carbon obtained in Example 22 was permitted to carry 2.0% and 1.0% of Mn 
and Cu, respectively, to give a catalyst. Three grams of the catalyst obtained was placed in a 250-liter cold- 
storage room of a 400-!iter refrigerator. Methylmercaptan was introduced into the cold-storage room at 5 • C 
s in an initial concentration of 20 ppm, and the relationship between the time elapsed and the removal ratio of 
methylmercaptan was studied. FIGURE 1 shows the results. 

Next, trimethylamine was introduced into the cold-storage room in an initial concentration of 20 ppm, 
-and the relationship between the time elapsed and the removal ratio of trimethylamine was studied. FIGURE 
2 shows the results. 

10 For comparison purposes, similar tests were conducted with the same commercially available ceramic- 
manganese catalyst (MANGANCHID, made by Kobe Steel, Ltd.) as used in Comparative Example 27. The 
results are also shown in FIGURES 1 and 2. 

It is understood from these FIGURES, that the metal oxide-carrying activated carbons according to the 
present invention, being excellent in the decomposing capability, in particular at low temperatures, for low- 
75 concentration foul-odor components, also have excellent effects when used in the actual refrigerators. 

Obviously, numerous modifications and variations of the present invention are possible in light of the 
above teachings. It is therefore to be understood that within the scope of the appended claims, the invention 
may be practiced otherwise than as specifically described herein. 

20 Claims 

1. A metal oxide-carrying activated carbon having an oxidation catalytic activity comprising: 

a treated activated carbon obtained by carbonizing a carbon material, activating the obtained 
carbon with an activating gas comprising carbon dioxide and water vapor, said activating gas containing 
25 not more than 15% by volume of water vapor, and then cooling the activated carbon down to a 
temperature of not more than 300 *C under the same atmosphere, and, carried thereon, 

0.1 to 20% by weight as converted into metal of an oxide of at least one metal selected from the 
group consisting of iron, chrome, nickel, cobalt, manganese, zinc, copper, magnesium and calcium. 

30 2. A metal oxide-carrying activated carbon having an oxidation catalytic activity comprising: 

a treated activated carbon obtained by heating at at least 500 0 C an activated carbon obtained by 

the usual process under an atmosphere of nitrogen and/or carbon dioxide containing substantially no 

oxygen or water vapor and then cooling the heated activated carbon down to a temperature of not more 

than 300 'C under the same atmosphere, and, carried thereon, 
35 0.1 to 20% by weight as converted into metal of an oxide of at least one metal selected from the 

group consisting of iron, chrome, nickel, cobalt, manganese, zinc, copper, magnesium and calcium. 

3. A deodorant comprising the metal oxide-carrying activated carbon according to either Claim 1 or Claim 
2. 

40 

4. A deodorant comprising a metal oxide-carrying activated carbon, obtained by- adding 1 to 50 parts by 
weight of a plastic powder having an average particle diameter of 1 to 50u,m to 100 parts by weight of 
the metal oxide-carrying activated carbon according to Claim 1 and then molding the obtained mixture. 

45 5. A deodorant comprising a metal oxide-carrying activated carbon, obtained by adding 1 to 50 parts by 
weight of a plastic powder having an average particle diameter of 1 to 50um to 100 parts by weight of 
the metal oxide-carrying activated carbon according to Claim 2 and then molding the obtained mixture. 

6. A deodorant according to Claim 3, having a granular, honeycomb-like, plate-like or fibrous shape. 

50 

7. A deodorant according to either Claim 4 or Claim 5, having a granular, honeycomb-like, plate-like or 
fibrous shape. 

8. A method of deodorizing the inside of refrigerators, which comprises using the deodorant according to 
55 Claim 3. 

9. A method of deodorizing the inside of refrigerators, which comprises using the deodorant according to 
either Claims 4 or Claim 5. 
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FIGURE 1 




Time (minute) 



• : Example 22 
■ : C. Example 27 




EP 0 643 014 A1 



FIGURE 2 
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